Barley, being a tremendous opportunities crop, we are far back regarding study, research and utilization. An experiment was conducted 2014-2015 to evaluate the barley genotypes for their yield attributing traits and correlation and causation. Eleven yield contributing traits viz., days to booting, heading and flowering; peduncle length, spike length, plant height, flag leaf area, flag leaf-1 area, thousand grain weight, biological weight and yield per hectare were recorded. High significant variation among genotypes was found for traits under study. Genotypes SBYT3-13#1115 (1960 kg), 14-SB-NAK-MR#17 (1760 kg) and AM POP#26 (1660 kg) were found to be superior for their per se performance based on grain yield per hectare, yield attributing and other quantitative traits. Thousand grains weight (0.333) had positively highest significant correlation with grain yield per hectare followed by spike length (0.310). Grain yield per hectare showed negative highly significant correlation with days to flowering (-0.796) followed by days to heading (-0.761) and days to booting (-0.663). Peduncle length (0.229), plant height (0.226), biological weight (0.181) and flag leaf area (0.032) were positively correlated with grain yield per hectare while flag leaf-1 area(-0.029) was negatively correlated. Thus, selection for genotypes with higher thousand grain weight and spike length accommodating earlier days to flowering, heading and booting is a prerequisite for attaining improvement in grain yield per hectare.
Introduction
Barley (Hordeum vulgare) is one of the oldest and first domesticated crop, considered to be grown even during the Stone Age (Salamini et al., 2002) . Barley is the founder crop which belong to the genus Hordeum in the Triticaceae of the grass family i.e. Poaceae (Gramineae). It is a selfpollinated diploid crop with 2n=14. Barley is the fourth most important cereal crop in the world after wheat, maize and rice (Akar et al., 2004) . Barley is among the top ten crop plants in the world (FAO, 2007) . Globally, over 133 million tons of barley is produced annually on about 55.4 million hectares.
Barley (Hordeun vulgare) is considered as the fifth most important cereal crop in Nepal after rice, maize, wheat and finger millet in terms of acreage and production. Barley is a momentous crop from religious point of view in the Hindu society to worship the god. Barley (Hordeum vulgare) is one of the old and essential winter crop for the high mountain areas of the country. Large amount of diversity is observed for barley in the Nepalese high lands. The region is considered as a center of diversity for barley (Witcombe and Gilani, 1979) . Barley is cultivated in a wide range of environments in Nepal (Baniya et al., 1997) . The area of production of barley production is limited, but it is grown from the terai up to an elevation of 4000 m. It is a staple food crop mainly in the hills and mountains in the west of the country. Although, the reported barley production in the terai has declined in the past decade from 6000 to 3000 tons per year, the production in the hills during the same time has increased from 9000 to 12000 tons and from 8000 to 10000 tons in the mountains (Baniya, 1989) .
Barley is an annual cereal, cultivated worldwide in all temperate climate zones. It is considered as a major animal feed crop, with lower amounts used for malting and human food. Barley was one of the first domesticated cereals, thought to be originated in the Fertile Crescent in Middle East. Archaeological evidence traced date back to around 8000 BC for barley cultivation in Iran. The genetic system of the crop is simple; however, the species are genetically diverse. This makes this crop as a perfect organism as a Research Article D. Vitrakoti et al. (2016) Int J Appl Sci Biotechnol, Vol 4(4): 529-536 This paper can be downloaded online at http://ijasbt.org & http://nepjol.info/index.php/IJASBT cereal research model. Molecular evidence has shown significant homology among barley, wheat and rye (Feuillet et al., 2002) .
Estimating the correlation among several traits, specially grain yield and its components and also the determining causal relationships gives the breeders with the needed help and criteria to select the most suitable combination of various components that will would yield better (Moradi et al., 2010) .
This study mainly concerns with evaluation per se performance of genotypes, study of the nature and magnitude of association among yield traits, selection of better performing genotypes regarding the yield and yield attributing traits and also to identify the traits for the selection of high yielding traits of the barley correlation coefficient analysis.
In world, major agricultural research activities are focused on yield ignoring the quality parameters. In developing countries like Nepal, research activities are only intense in the major crop like Rice, Wheat and Maize whereas very few efforts had been made in the minor crop like Millet, Buckwheat, Barley. Barley although having major importance and many uses in the country, it is still considered as underutilized crop. But these minor crops are staple food in the upper hilly and mountain region. We are still lacking strong research focusing on nutrition aspect.
Barley, being a tremendous opportunities crop, we are far back regarding its utilization as an industrial crop. In the past decades, several breweries have been established in the country producing a number of beers brands for the local and foreign market. Malt -barley the main ingredient of beer, is however, imported by all these breweries. Barley is mainly used in beverage industries as a raw material. Efforts for the improvement in the quality and the quantity of the production is lacking. Lack of study and research is a major problem regarding this crop. Thus, this study could work as a pivotal work for the development of the crop in the country and also as a base work for the further researches regarding this crop.
Materials and Methods
The field experiment was conducted at the research field of Research Council (NARC)) ( Table 1 ). The experiment was laid out in alpha-lattice design with 2 replications; 5 blocks within replication and 6 genotypes within block. The plot size was 2.5 m × 1 m with continuous sowing in 4 rows per plot. The row to row spacing was 25 cm, block to block spacing was 0.5 m and space between two replications was 1m. Chemical fertilizers were applied at the rate of 60:30:30 Kg ha-1 of Nitrogen, Phosphorus and potassium respectively. Planting was done at 1st December, 2014 manually in continuous line sowing. Data entry and processing was carried out using Microsoft Office Excel 2010 software and mean and standard deviations for all quantitative traits were computed. Analysis of variance was calculated using MINITAB 14. Linear correlation was computed using SPSS.
Simple correlation coefficients were calculated for each pairs of the parameters using the formula by Steel and Torrie (1980) 
Results and Discussions
Mean Value of Observed Traits Significant variation was found among the studied genotypes for days to booting, days to heading, days to flowering, peduncle length, spike length, flag leaf-1 area, thousand grain weight, biological weight and yield per hectare. It was non-significant for traits like plant height and flag leaf area. The mean value of all the traits observed are presented in Table 2 . There are significant differences among the genotypes for all characters reported here in because of diverse genetic background of genotypes used in experiment as obtained from ICARDA and HCRP, Kabre (NARC).
Besides yield, traits like thousand grain weight and spike length were important yield contributing characters. In the experiment, SBYT3-13#1115 showed significantly higher grain yield followed by 14-SB-NAK-MR#17, AM POP#26, SBYT3-13#211, SBYT3-13#417, AM POP#1, SBYT2-13#2216, 14-SB-NAK-MR#144 and SBYT3-13#619. With comparison to Nepalese check variety Bonus and Soluwa, 19 genotypes give higher yield, but average Nepalese production is 1100kg/hac (2012/2013, CBS), so only above mentioned nine genotypes were found superior for their performance based on grain yield per hectare.
Genotypes 14-SB-NAK-MR#17 had the earliest days to flowering(73.14days) and days to heading (70.19days) followed by AM POP #26 and AM POP#1 which had grain yield per hectare of 1760 kg, 1660 kg and 1560 kg respectively. Genotypes SBYT3-13 #211(58.5 days) showed earliest booting followed by AM POP #1(59.5 days) and SBYT3-13#2216 (61 days) and this trait is highly and significantly correlated with grain yield per hectare and the grain yield obtained was 1640, 1560 and 1380 kg per hectare. Varieties with earlier days to booting can be recommended as they are superior in yield. Thus, we can say that genotypes with earlier days to flowering, days to heading and days to booting contribute significantly in improvement ingrain yield per hectare of barley. This is supported by findings from Singh et al. (1987) .
Correlation Coefficient Analysis
Based on correlation coefficient of yield component and grain yield per hectare, thousand grains weight had positively highest and highly significant correlation with grain yield per hectare. There was a positive significant correlation of grain yield per hectare with spike length. Grain yield per hectare showed negative highly significant correlation with days to flowering followed by days to heading and days to booting. Peduncle length, plant height, flag leaf area and biological weight didn't differ significantly and correlated positively with grain yield per hectare while flag leaf -1 area showed negative correlation with grain yield per hectare. The pair wise simple correlation coefficients among various yield components have been presented in Table 3 and Fig. 1 (a-j) .
Grain yield per hectare was negatively and highly significantly correlated with traits viz., days to flowering followed by days to heading and days to booting. Negative correlation coefficient among traits shows that the changes of two variables are in the opposite direction, i.e. high value of one variable is associated with low value of other and vice versa. However, the most yield determinative traits were days to flowering, days to heading, days to booting. Hence, the selection for these traits could be helpful in bringing an improvement in grain yield per hectare. Khayatnezhad et al. and Mohammadi also reported similarly that the maximum direct negative effect on performance was related to the days to heading. .181 ns 1 ** = correlation is significant at the 0.01 level (two-tailed), * = correlation is significant at the 0.05 level (two-tailed) and ns = correlation is non-significant. On the contrary, grain yield per hectare had highly significant and and positive correlation with thousand grain weight and significant positive correlation with spike length and non-significant positive correlation with peduncle length, plant height and biological yield. This is supported by similar findings from Chaudhary, (1977) , Solanki and Bakshi (1973) , Gonzalez et al. (1999) , Bhutta et al. (1991) , Zadeh et al. (2010) , Chutimanitsakun et al. (2011) and Dahleen et al. (2012) . Although there exists positive relationship between yield and the other components, the negative correlation between some of them cannot make a useful choice for all as a factor in increasing the yield (Danyard and Kannenberg, 1976) .
Besides the correlation observation, the association studies also provide the opportunity to select only those characters which are favorably associated among them as well as with grain yield. In this experiment, studies on inter se association among yield component shows that the trait days to flowering exhibited highly significant positive correlation with other traits viz., days to heading and days to booting and highly significant negative association with grain yield per hectare followed by thousand grain weight and significant negative correlation with spike length.
Similarly thousand grain weight had positive high significant association with grain yield per hectare followed by spike length and negative high significant association with days to flowering followed by days to booting and days to heading and flag leaf-1 area are negatively correlated and there existed positive correlation with peduncle length, plant height, flag leaf area and biological weight and hence, these traits could be exploited for the improvement of grain yield coupled with earliness using the present materials. Traits table correlation showed that there was a nonsignificant positive correlation between plant height and yield which was quite consistent with the result of the experiment conducted by Drikvaind et al. (2011) in which investigation was done to estimate the correlation of different traits on different variety of barley. Highly significant favorable correlation among yield attributing traits indicates that, the unit increment in one of the trait will cause a unit increment in the another associated traits, which in turn will lead to increase in the grain yield (Sandeepkumar et al., 2011) and hence, these traits could be pointed and noted for the improvement of grain yield by focusing on the associated traits.
